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(57) ABSTRACT

A blade, for a gas turbine, includes a blade airfoil, having a
shroud segment arranged on its upper end. The shroud
segment together with shroud segments of other blades of a
blade row forming an annular shroud which delimits hot gas
passage of the gas turbine, and said shroud segment, on sides
on which it adjoins adjacent shroud segments of the annular
shroud, is provided with upwardly projecting side rails
which extend along a side edge, to improve sealing to the hot
gas passage. The side rails include rail-parallel or essentially
rail-parallel, upwardly open slots through which cooling air,
which is introduced via the shroud segment from an interior
of the blade airfoil, discharges into the space above the
shroud segment.

17 Claims, 5 Drawing Sheets
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1
BLADE FOR A GAS TURBINE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of International Appli-
cation No. PCT/EP2010/052867 filed Mar. 5, 2010, which
claims priority to Swiss Patent Application No. 00502/09,
filed Mar. 30, 2009, the entire contents of all of which are
incorporated by reference as if fully set forth.

FIELD OF INVENTION

The present invention relates to the field of gas turbine
technology. Specifically, it refers to a blade for a gas turbine.

BACKGROUND

A gas turbine blade, which on the blade tip is equipped
with a shroud segment, is known from EP-A1-1591 625. The
shroud segments of the blades of a blade row together form
an encompassing shroud. On the side edges, by which the
adjacent shroud segments of a shroud abut, the shroud
segments are provided with upwardly projecting side rails
which extend along the side edges and improve the leak-
proofness of the shroud in relation to the hot gas passage of
the turbine. No statement is made about the cooling of the
shroud segments or of the shroud.

A turbine blade arrangement, with a shroud in which the
shroud segments are equipped with an encompassing sealing
rib in which provision is made for a similarly encompassing
slot, is known from DE-A1-196 01 818. An air flow which
is fed there in the bottom region of the slot discharges on the
upper edge of the sealing rib and in the gap between upper
edge and adjoining passage wall intermixes with a leakage
air flow. The air flow which is fed into the slot in this case
can be obtained from a cooling air flow which is directed
through the shroud segment. The main point for consider-
ation in this case is still the reduction of leakage losses but
not the cooling of the shroud segment.

SUMMARY

The present disclosure is directed to a blade, for a gas
turbine, including a blade airfoil, having a shroud segment
arranged on its upper end. The shroud segment together with
shroud segments of other blades of a blade row forming an
annular shroud which delimits hot gas passage of the gas
turbine, and said shroud segment, on sides on which it
adjoins adjacent shroud segments of the annular shroud, is
provided with upwardly projecting side rails which extend
along a side edge, to improve sealing to the hot gas passage.
The side rails include rail-parallel or essentially rail-parallel,
upwardly open slots through which cooling air, which is
introduced via the shroud segment from an interior of the
blade airfoil, discharges into the space above the shroud
segment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is subsequently explained in more detail
based on exemplary embodiments in conjunction with the
drawing. All elements which are not necessary for the direct
understanding of the invention have been omitted. Like
elements are provided with the same designations in the
different figures. In the drawings:
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FIG. 1 shows a simplified perspective view of a blade
tip—provided with a shroud segment with cooling holes—
of a gas turbine blade;

FIG. 2 shows a blade comparable to FIG. 1 with obliquely
extending cooling holes;

FIG. 3 shows in a view comparable to FIG. 1 the blade
tip—provided with a shroud segment with slots—of a gas
turbine blade according to a preferred embodiment of the
invention;

FIG. 4 shows the section through the shroud segment of
the blade from FIG. 1 in the plane V-1V, wherein the center
piece, from which the cooling holes extend, lies in the
middle;

FIG. 5 shows the section through the shroud segment of
the blade from FIG. 1 in the plane V-1V, wherein the center
piece, from which the cooling holes extend, is offset from
the middle;

FIG. 6 shows the section through the shroud segment of
the blade from FIG. 3 in the plane V-V, wherein the center
piece, from which the cooling holes extend, lies in the
middle;

FIG. 7 shows in detail a possible connection between two
adjacent shroud segments according to FIG. 6;

FIG. 8 shows an alternative way to FIG. 3 of supplying
the slots with cooling air;

FIG. 9 shows a special arrangement of the cooling holes
of adjacent shroud segments, shown in plan view;

FIG. 10 shows a widened groove between adjacent shroud
segments for the discharge of cooling air;

FIG. 11 shows additional film cooling holes which project
from the cooling holes for the slots;

FIG. 12 shows the distribution of the film cooling holes,
and

FIG. 13 shows the division of the slots when an interme-
diate wall segment is present.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS INTRODUCTION
TO THE EMBODIMENTS

The invention should provide a remedy to the above-
noted drawbacks. It is therefore an object of the invention to
create a gas turbine blade with cooled shroud segment, in
which cooling of the side rails is maximized.

The object is achieved by means of the features of the
appended claims. It is preferable for the invention that for
improving the cooling in the region of the side rails an
arrangement is made in the side rails for rail-parallel,
upwardly open slots through which cooling air, which is
introduced via the shroud segment from the interior of the
blade airfoil, discharges into the space above the shroud
segment.

This is preferably achieved, according to one embodiment
of the invention, by a multiplicity of cooling tubes, extend-
ing transversely to the side rails, being arranged on the upper
side of the shroud segment, which cooling tubes extend from
a center piece arranged between the side rails and from there
are impinged upon with cooling air, and which terminate in
the side rails and are in communication with the slots in said
side rails.

In another embodiment of the invention, the center piece
is arranged in the middle between the side rails. The center
piece can also be arranged offset to the middle between the
side rails.

The cooling tubes especially extend parallel to each other,
wherein the center piece extends essentially parallel to the
side rails.
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In this case, the cooling tubes can extend in the circum-
ferential direction of the shroud. It is also conceivable,
however, that the cooling tubes extend obliquely to the
circumferential direction of the shroud.

In another embodiment of the invention, the cooling tubes
have a cooling hole in each case and are designed for
convective cooling of the shroud segment, and the cooling
tubes are formed on the shroud segment.

In a further embodiment of the invention, the cooling
tubes of blades which adjoin each other by the shroud
segments are arranged in a staggered manner.

According to another embodiment of the invention, the
shroud segment is delimited in the axial direction by wall
segments which extend in the circumferential direction,
wherein the cooling air which discharges from the slots is
fed via cooling holes in the region of the wall segments and
of the side rails.

In a further embodiment, the shroud segment is delimited
in the axial direction by wall segments which extend in the
circumferential direction. Parallel to the wall segments,
provision is made for an intermediate wall segment which is
arranged in the middle between the wall segments, and
between the intermediate wall segment and the wall seg-
ments provision is made for a slot in the side rails in each
case.

The slots of a side rail in this case can especially be
interconnected in each case by means of a cooling hole
which extends in the side rail.

According to another embodiment, film cooling holes
project from the cooling holes which supply the slots and on
the underside of the shroud segment open into the hot gas
passage.

DETAILED DESCRIPTION

In FIGS. 1, 2, 4 and 5, the blade tip—provided with a
shroud segment—of a gas turbine blade is shown in per-
spective view or in cross section. The blade 10', of which
only the upper section of the blade airfoil 11 with the shroud
segment 12' is shown, has a cooled shroud segment 12'

The shroud segment 12', which in the depicted example is
approximately rectangular in the base surface, is delimited
on two opposite sides by comparatively high wall segments
14 and 15 which together with the wall segments of the other
blades of a complete blade row form annularly encompass-
ing walls, between which is formed a shroud cavity which
is sealed against penetration of hot gas from the hot gas
passage which lies beneath it. To this end, edge-parallel,
upwardly projecting side rails 16, 17, by which adjacent
shroud segments of the blade row abut, are formed on the
two other sides of the shroud segment 12'.

For cooling of the shroud segment 12 which is impinged
upon by the hot gas, provision is made for special measures:

Arranged in the middle between the two side rails 16, 17
(FIG. 4), or offset from the middle to the side (FIG. 5), is a
rib-like, internally hollow center piece 13, parallel to the
side rails, which is in communication with the cooling air
passages which extend inside the blade airfoil 11 in the
radial direction. From the center piece 13, which extends
parallel or virtually parallel to the side rails 16, 17, cooling
tubes 18, which are formed on both sides of the center piece
on the upper side of the shroud segment 12', extend in the
direction of the side rails 16, 17 and transversely thereto, and
terminate at a distance before said side rails 16, 17. In the
example of FIG. 1, provision is made on both sides of the
center piece 13 for four parallel cooling tubes 18 in each
case, which extend parallel or virtually parallel to the wall
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segments 14, 15. However, they can also be oriented
obliquely to the wall segments 14, 15 (FIG. 2).

As a result of the distance between the ends 19 of the
cooling tubes 18 and the side rails 16, 17, a gap 22 is created.
The cooling air, which flows through the cooling holes 21
inside the cooling tubes 18 and so convectively cools the
shroud segment 12', discharges into this gap 22. The cooling
air which flows through the cooling tubes 18 originates from
the cooling air feed 20 inside the center piece 13 with which
the cooling holes 21 are in communication, and into which
a cooling air flow 25 enters from the bottom.

The cooling air which discharges from the cooling tubes
18 into the gap 22 flows from there into the shroud cavity
which lies above it without intensively cooling the side rails
16, 17. In this case, measures are therefore implemented by
means of which the side rails, which consist of a solid
material, are cooled even better in order to reduce the
thermal load of the side rails and to relieve thermal stresses
between the side rails and the remaining region of the shroud
segments.

In a view comparable to FIGS. 1 and 4, the blade
tip—provided with a shroud segment—of a gas turbine
blade according to a preferred exemplary embodiment of the
invention and the section through the shroud segment of the
blade from FIG. 3 in the plane V-V, are reproduced in FIGS.
3 and 6.

The shroud segment 12 of the blade 10 from FIGS. 3 and
6, in contrast to the previous solution of FIGS. 1 and 4, is
designed so that the side rails 16, 17 are now also convec-
tively cooled. To this end, the cooling tubes 18 are now led
directly right up to the side rails 16, 17, foregoing the gap.
A rail-parallel slot 23, 24 is introduced in each case into the
side rails 16, 17 and is in communication with the cooling
holes 21 of the cooling tubes 18. These slots can also be
arranged virtually parallel to the rails, which also applies to
the slots 23.1, 23.2 from FIG. 13.

The cooling air which flows through the cooling holes 21
discharges into the slots 23, 24 and from there flows into the
shroud cavity. In this way, the side rails 16, 17 are also
effectively convectively cooled along the length of the slots
23, 24 without the necessity of an additional cooling air
mass flow which negatively affects the efficiency of the
turbine. The cooling tubes 18, in a distributed arrangement,
in this case ensure that the slots 23, 24 are supplied evenly
with cooling air over their entire length.

The cooling tubes 18, in the case of the embodiment
which is shown in FIGS. 3 and 6, are formed on the upper
side of the shroud segment 12 (when casting the blade 10)
and so have a close thermal contact with the body of the
shroud segment 12. The cooling holes 21 are introduced into
the cooling tubes 18 from the outside, and are outwardly
closed off again. The cooling holes 18 in this case can extend
parallel to the wall segments 14, 15, as is shown in FIG. 3.
However, the cooling holes can also be oriented obliquely to
the wall segments 14, 15, according to FIG. 2. Likewise, the
center piece—as shown in FIG. 6—can be arranged exactly
in the middle between the wall segments 14, 15. However,
the center piece can also be offset from the middle similarly
to FIG. 5.

During the assembly of the blade ring, according to FIG.
7, a strip-like seal 26 is inserted between the abutting shroud
segments of adjacent blades 10a and 105 with their cooling
holes 21a and 215 and their slots 24a and 235 and prevent
or hinder the penetration of hot gases from the hot gas
passage into the shroud cavity.

Instead of, or in addition to, the cooling tube(s) 18 with
the cooling holes 21, cooling holes 27, 28, through which
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cooling air finds its way to the slots and at the same time still
brings about convective cooling of the thickened shroud
regions, can be introduced in the wall segments 14, 15 or in
the side rails 16, 17 (see also FIG. 8). Film cooling holes 30,
which open into the hot gas passage lying beneath the shroud
segment and bring about film cooling of the shroud under-
side there, can then project from these cooling holes, as
shown in FIG. 11. This also applies to the cooling holes 21
according to FIG. 12. A cooling hole 28, which extends in
the side rails 16, 17, according to FIG. 13 can also inter-
connect two separate slots 23.1 and 23.2 if the shroud
segment is provided with an intermediate wall segment 31
which is arranged parallel between the wall segments 14, 15.

Furthermore, according to FIG. 10 provision can be made
between the adjoining shroud segments of adjacent blades
104 and 105 with their side rails 17a and 165 for a widened
groove-like gap 29 which is filled up with cooling air from
the cooling holes 214, 215 and so prevents penetration of hot
gases. [t is particularly advantageous in this case for an even
filling if the cooling tubes 184, 184, according to FIG. 9, are
then arranged in a “staggered” manner in relation to the
adjacent blade.
List of Designations

10, 10' Blade (gas turbine)

104, b Blade (gas turbine)

11 Blade airfoil

12, 12' Shroud segment

13 Center piece

134, b Center piece

14, 15 Wall segment

16, 17 Side rail

17a, 165 Side rail

18, 18' Cooling tube

19 Tube end

20 Cooling air feed

21, 27, 28 Cooling hole

22 Gap

23, 24 Slot

235, 24a Slot

23.1, 23.2 Slot

25 Cooling air flow

26 Seal

29 Gap

30 Film cooling hole

31 Intermediate wall segment

What is claimed is:

1. A blade, for a gas turbine, comprising a blade airfoil,
having a shroud segment arranged on its upper end, the
shroud segment together with shroud segments of other
blades of a blade row forming an annular shroud which
delimits hot gas passage of the gas turbine, and said shroud
segment, on sides on which it adjoins adjacent shroud
segments of the annular shroud, is provided with upwardly
projecting side rails which extend along a side edge, to
improve sealing to the hot gas passage, wherein the side rails
comprise rail-parallel or essentially rail-parallel, upwardly
open slots through which cooling air, which is introduced via
the shroud segment from an interior of the blade airfoil,
discharges into the space above the shroud segment.
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2. The blade as claimed in claim 1, wherein an arrange-
ment is made on an upper side of the shroud segment for a
plurality of cooling tubes, extending transversely to the side
rails, the cooling tubes extend from a center piece arranged
between the side rails and from there are impinged upon
with cooling air, and which terminate in the side rails and are
in communication with the slots in said side rails.

3. The blade as claimed in claim 2, wherein the center
piece is arranged in a middle between the side rails.

4. The blade as claimed in claim 3, wherein the cooling
tubes extend parallel or essentially parallel to each other, and
the center piece extends essentially parallel or virtually
parallel to the side rails.

5. The blade as claimed in claim 4, wherein the cooling
tubes extend in a circumferential direction of the shroud.

6. The blade as claimed in claim 4, wherein the cooling
tubes extend obliquely to a circumferential direction of the
shroud.

7. The blade as claimed in claim 2, wherein the center
piece is arranged in an offset manner to a middle between the
side rails.

8. The blade as claimed in claim 7, wherein the cooling
tubes extend parallel or essentially parallel to each other, and
the center piece extends essentially parallel or virtually
parallel to the side rails.

9. The blade as claimed in claim 8, wherein the cooling
tubes extend in a circumferential direction of the shroud.

10. The blade as claimed in claim 8, wherein the cooling
tubes extend obliquely to a circumferential direction of the
shroud.

11. The blade as claimed in claim 2, wherein the cooling
tubes each have a cooling hole configured to convectively
cool the shroud segment.

12. The blade as claimed in claim 2, wherein the cooling
tubes are formed on the shroud segment.

13. The blade as claimed in claim 2, wherein cooling
tubes of blades of adjoining shroud segments are arranged in
a staggered manner.

14. The blade as claimed in claim 1, wherein the shroud
segment is delimited in the axial direction by circumferen-
tially extending wall segments, and the cooling air which
discharges from the slots is fed via cooling holes in a region
of the wall segments and of the side rails.

15. The blade as claimed in claim 1, wherein the shroud
segment is delimited in an axial or essentially axial direction
by circumferentially extending wall segments, and com-
prises an intermediate wall segment which is arranged in a
middle between the wall segments, parallel or virtually
parallel to said wall segments, and wherein the side rails,
between the intermediate wall segment and the wall seg-
ments each comprise a slot.

16. The blade as claimed in claim 15, wherein the slots of
a side rail are interconnected by a cooling hole which
extends in the side rail.

17. The blade as claimed in claim 1, wherein film cooling
holes project from the cooling holes which supply the slots
and on the underside of the shroud segment open into the hot
gas passage.



